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Amendments to the Drawings : 

The attached replacement drawing sheets make changes to Figs. 7, 15 and 16 and 
replace the original sheets with Figs. 7, 15 and 16. 
Attachment: Replacement Sheets (3) 
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REMARKS 

Claims 1-24 are pending. Claims 1-8 and 20 are amended and claims 21-24 are 
added. A substitute specification is also provided along with a marked-up copy of the 
originally filed specification. The substitute specification contains no new matter. Likewise, 
an amended Abstract is provided to comply with U.S. patent practice. Additionally, the Title 
is amended. Lastly, Figure 7 is corrected to change "(ii-2)" 3 at the bottom of the figure, to 
"(ii-1)"; Figure 15 is corrected to show reference number 13a with associated lead line; and 
Figure 16 is corrected to change the section line designators from "X-X" to "16-16." 

Entry of the Amendment prior to examination is respectfully requested. With entry of 
this Amendment, it is submitted the application is in condition for examination. 
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Should the Examiner have any questions, the Examiner is requested to contact the 
undersigned at the telephone number listed below. 
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Amended Abstract 
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Date: December 7, 2006 
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ABSTRACT OF THE DISCLOSURE 
In a rotary electric machine, coils to be wound around an armature are wound so as to 
have a good magnetic balance. In a rotary electric machine formed with four poles, ten slets 
6e ^slots, and twenty commentator s e gm e nt s 7b, segments, a pair of coils lO coils that 
respectively conduct an electric current te -to the commutator s e gment s 7b segments adjoining 
an arbitrary commutator segment at both sides in the circumferential direction with r e fer e nc e 
to an arbitrary commutator se gm e nt 7b are caused to face permanent magn e ts 3, m agnets, that 
are adjoining poles, to be poles opposite from each other, and one coil lO coil is wound in a 
normal winding state, and the other coil lO x oil, in a reverse winding state. 
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- _. t DESCRIPTION - 
Armature of Rotary Electric Machine and Manufacturing Method 



The inv cntiorr relates to the technical field of an armature 
K 

of a rotary electric machine that is mounted on, for example, 
a vehicle and a manufacturing method thereof. 



Background Art 

Generally, as this±ype of rotary electric machine, known 
is an electric motor^ that iff nonsJrr-ufjtn d wi th a yoke where magnetic 
poles are formed by a plurality of pairs of permanent magnets 
provided on the inner circumferential surface and an armature, 
in whi rh _a plurality of slots are f ormed^b©*^ in an axial direction 
-a«€L in*" oS Cir^umf e rent i a 1 direction^^ the outer periphery of a 
co re„ atftd* a^ plurality of coils^ each^ formed by making a - winding 
wire wound in the slots with a predetermined interval^ conduct 
an electric current to adjoining commutator segment s,-n rc formed, 
When a high torque^as well as a reduction in size^are demanded 
in such an electric motor, the demand has been satisfied by 
providing the electric motor with multiple poles by using a 
plurality of pairs of permanent magnets and increasing the number 
of commutator segments and slots. However, in such an electric 
motor, it has been known that, when the commutator segments around 
which and to which coil ends are hung and connected and coil 
winding positions are lap-wound in a state where these are almost 
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opposed in the axial direction, magnetic imbalance occurs to 
cause whirling based on a torque ripple and the like. 

As a remedy therefore, it has been promoted to form coils 
by winding a winding wire that conducts an electric current to 
arbitrary commutator segments around the preset arbitrary slots 
and the slots facing the arbitrary slots in the radial direction 
in a state of series connection and to thereby improve magnetic 
balance (see Japanese Published Unexamined Patent Application 
\ 

No. 2000-305861) A , 

However, the conven tiona l^ art described above is - to bo 
carried out in an armature conotrT^t^d^w3)tk slots and commutator 
segments provided in the s ame number, and there is no suggestion 
of the case of a ^ri^^^ t ^o^ where slots are provided with half 
as many as segments, therein Ilea the problem to be solved by 
the pj-e>L>ui T L invention. 
Dljicle^aj-U ' of Lliui mvmi Lion ■ > 

In consideration of the foregoing circumstances, the 
invention, has been made to. solve the problems. * J &rU^ 
-j^rrv-enjbirO-R- rccit ct±~3rR-e-3ra^bri JL ^ ic an armature of a rotary C kUoofc -r-LQ^. 



maehi=nQ,- the .rotary electric machine including an armature on 
which a plurality of coils^ each^formed by mairra^ a winding wire 
wound around the slots with a predetermined number of slots 
therebetween out of a plurality of slots provided side by side 
in a circumf erential direction^ conduct an electric current to 
adjoining commutator segments and a yoke provided with magnetic 
polesfr In which the slots are provided with half the number of 
commutator segments, and the coils are formed as a pair of coils 
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respectively that conduct an electric current to commutator 
segments adjoining at both sides in the circumferential direction 
with reference to an arbitrary commutator segment, the pair of 
coils face opposite poles positioned dif f erent||f rom each other, 
and one coil is wound in a normal winding state, and the other 
coil, in a reverse winding s tate^J |^-> 

With this structure, magnetic balance of the armature can 
be improved. 

S> -Tho in^ntinn rrnitnd a n n l nim ? i n r . h f l r n ntr r i \ r rl in fl i nty 

-^ia &LajJ3 i , - t hg * rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumf erential direction with reference to an arbitrary 
commutator segment an angle of approximately (360/N) , and 

one thereof is wound as a normal winding coil, and the other, 
as a reverse winding coil^ with this structure, magnetic 

balance of the armature can be improved. 

. fvTln=! invanfciuii lyLiLfajd in Glnim 3 in nhaga ct a ri 7^ in , 
* — in olaim 1 ^ the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments 
in which a number (2n/N) obtained by dividing the number of 
commutator segments by the number of magnetic poles is a natural 
number, and ((2n/N)-l) coils formed in a manner respectively 
conducting an electric current to (2n/N) pieces of arbitrary 
commutator segments adjoining in the circumferential direction 
are wound so as to respectively have an angle of approximately 
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{ (l+2m) x (360/N) } where m is a natural number including 0 and are 
wound so that a normal winding alternates with a reverse winding. 
With this structure, magnetic balance of the armature can further 
be improved. 

The invention recited in . ol a im -A, i, s .,. c h aga ct .Rri.7.e^4jxJJiaJl^ 
in claim 1 ;-2 r ' ur>^ the coils are wound with one slot therebetween , 
and with this structure, a reduction in size and weight, a 
reduction in cost, and high efficiency can be realized. 

Tn ar^i fcj ^ , a ^ TTnnt ^ ea-a e ei rted i n Cl § 3 m 5 1 5 a n aH TtctTOr^ 

-e-£ — a — r-e'barry — e- lcotric — m a -e h -i- n e^ the rotary electric machine 

including an armature on which A a plurality of coils^ each^f ormed 

by making — a- winding wire wound around the slots with a 

predetermined number of slots therebetween out of a plurality 

of slots provided side by side in a circumferential direction^ 

conduct an electric current to adjoining commutator segments and 

a yoke provided with magnetic poles, which the slots are 

* 

Un- 
provided w ith half the number of commutator segments, the coils 

are formed as "Qaob pai^ of coils that respectively conduct an 

electric current to commutator segments adjoining at both sides 

in the circumferential direction with reference to an arbitrary 

commutator segment, thre- pair of coils face the same poles 

positioned different from each other, and the respective coils 

are wound in the same winding direction. V 

c L_ 5~ 

_-Anix^ with this structure, magnetic balance of the armature 
can be improved. 

. T he iui/e i lLlun ibciL^a i n Claim 6 is Ch ^i L ac Lm l^e d 11 1 Lfre4L^ 
■ in claim 5-, the rotary electric machine is formed with N magnetic 
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poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumferential direction with reference to an arbitrary 
commutator segment have an angle of approximately (360X2/N) , 
respective coils are wound in the same winding direction. With 
this structure, magnetic balance of the armature can be improved. 
— invention rccitG dr-jrgrng-r&lm 7 i's " c li a l ac b erime 



in—claim 5 or fi. t the coils are wound with one slot therebetween, 



and with this structure, a reduction in size and weight and a 
reduction in cost can be realized. 

- The inv^iiLiun leciLed in c xai m " 8 irs c i rarge^e^rged tTT L-h^fe-rn 
in any of claim s 1 Lh roiagh 7 ^ in the armature, two layers of coils 
are wound in a radial direction , and with reference to an arbitrary 
slot, a pair of first coils in the radial direction to be wound 
with the arbitrary slot therebetween and a pair of second coils 
in the radial direction to be wound with a slot adjoining the 
arbitrary slot therebetween are wound at a winding amount based 
on a preset ratio. With this structure, commutation is improved 
so that durability of the brushes can be enhanced. 
The fa awsH ft^^ 

-in it l-cf CTnr^T' _X n the first and second coils, each pair of coils 
are wound with a positional displacement from each other in the 
radial direction, and with this structure, not only is 
commutation improved so that durability of the brushes can be 
enhanced, but also a space factor is improved so that a reduction 
in size and weight can be realized. 
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in- gay of olaiinc 1 - t - hrough 9,1 adjoining slots are formed so that 
a groove width of one slot is narrow at an inner <fli nnvot.nr side 
and wide at an outer -di.imct fir side and a groove width of the other 



slot is wide at an inner » dinmototf side and narrow at an outer 
-diamotor side^ a nd with this structure, the space factor can 
f urther\bey improved so that a reduction in size and weight can 
be realized. 

Further more , tho invontAon ro - cuLt o d-ija GuLa 4 gi-ll- - is* a method 
for producing an armature of a rotary electric machine , the rotary-* 
G-loctric maohina - incl ^ diiiy an 5rrrna"ttnre un which a plurality of 



'ic maonins xncl ^ r xfiy an 



coils each, formed by meriraT rg-a winding wire wound around the slots 
with a predetermined number of slots therebetween out of a 
plurality of slots provided side by side in a circumferential 
direction conduct an electric current to adjoining commutator 
segment s^eftd a_ yoke^provided with magnetic poles, in which the 
slots are provided with half the number of commutator segments, 
and the coils are wound, while arranging a pair of coils that 
respectively conduct an electric current to commutator segments 
adjoining at both sides in the circumferential direction with 
reference to an arbitrary commutator segment so as to cause the 
same to face opposite poles positioned different from each other, 
so that one coil results in a normal winding, and the other coil, 
a reverse windin g. 
Anc^ jyith this structure, magnetic balance of the armature 



can be improved. 
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«i claim lljj jthe rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumferential direction with reference to an arbitrary 
commutator segment have an angle of approximately (360/N) , and 
one thereof is wound as a normal winding coil, and the other, 
as a reverse winding coil^ "' aii^ ^with this structure, magnetic 
balance of the armature can be improved. 

^ in claim 11 ,] the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments 
in which a number (2n/N) obtained by dividing the number of 
commutator segments by the number of magnetic poles is a natural 
number, and ((2n/N)-l) coils formed in a manner respectively 
conducting an electric current to arbitrary (2n/N) commutator 
segments adjoining in the circumferential direction are wound 
so as to respectively have an angle of approximately 
{ (l+2m) x (360/N) } where m is a natural number including 0 and so 
that a normal winding alternates with a reverse winding. With 
this structure, magnetic balance of the armature can further be 
improved . 

TIjm. inuHiil run r nn i I t^ ^Ww-^l^jrn.. 1 4 jj£ rh a r-a ct. £X3 Z«e d 



— 4^r- pI^itp i_i i iJ T ^y r ^^ j the coils are wound with one slot 
therebetween^ aTrri-with this structure, a reduction in size and 
weight and a reduction in cost canpbe realized. 

The invention recited in claimTSTrs a method for producing 



an armature of a rotary electric machine, t i-b < a mtary ni-Artrj r 
n?aa^Jaia£-JLjab<£A^^^ a plurality of coils each. 

J A 

formed by making a winding wire wound around the slots with a 
predetermined number of slots therebetween out of a plurality 
of slots provided side by side in a circumferential direction^ 
conduct an electric current to adjoining commutator segments and 
a yoke provided with magnetic poles^-rn — which -_the slots are 
provided with half the number of commutator segments, and the 
coils are provided, while arranging a pair of coils that 
respectively conduct an electric current to commutator segments 
adjoining at both sides in the circumferential direction with 
reference to an arbitrary commutator segment so as to cause the 
same to face the same poles positioned different from each other, 
so that the . respective coils are wound in the same winding 
direction^ with this structure, magnetic balance of the armature 
can be improved. 

rcrcLLed 111 cl aim 16 Is ch aidc 'l iei X"^ dr--4 ^t . h a t r 
iirulc^JLiu 15 , the rotary electric machine is formed with N magnetic 
poles, n pieces of slots, and 2n pieces of commutator segments, 
a pair of coils ^that respectively conduct an electric current 
to three commutator segments adjoining at both sides in the 
circumf erential direction with reference to an arbitrary 
commutator segment^ has an angle of approximately (360x2 /N) , and 
the respective coils are wound in the same winding direction. 
With this structure, magnetic balance of the armature can further 
be improved. 
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in claim ID ui lift , the coils are wound with one slot therebetween, 
and^ with this structure, a reduction in size and weight and a 
reduction in cost can be realized. 

- The -iim all LlOll j-eciLdtd lh clei l lU 18 Is m Z *rr3C ?&tt .er3.z &<T ^ — 

i . n r my -^f — eteA HH 11 11 j lT ^ the armature, two layers of 

coils are wound in a radial direction, and with reference to an 
arbitrary slot, a pair of first coils in the radial direction 
-to - bo wound with the arbitrary slot therebetween and a pair of 
second coils in the radial direction -fefcrart are wound around the 
arbitrary slot and adjoining the first coils in the 
circumferential direction are wound at a winding amount based 
on a preset ratio. With this structure, commutation is improved 
so that durability of the brushes can be enhanced. 

•• The invention ibciled in cla - im 1 - Q - io - characteri - z - eri i a that .. , — ~ 
- r n claim lft ^ _in the first and second coils, each pair of coils 
are wound with a'positional displacement from each other in the 
radial direction- —and' with this structure, not only is 
commutation improved so that durability of the brushes can be 
enhanced, but also the space factor is improved so that a reduction 
in size and weight can be realized. 

X^Tt m llwellLiuii iee d ^& - in 'Clar4m^^ 
■ in aoay - of clcwLmG 13^Hi*>rr^a ' ylr u 19 , adj oining- slots are formed so 
that a groove width of one slot is narrow at an inner ni nmntrr 
side and wide at an outer diamate^side and a groove width of 



the other slot is wide at an inner Tiiamctog side and narrow at 
an outer ^liam e' ter ^s ide^ ^a**€i ^ ith this structure, the space factor 
can further be improved so that a reduction in size and weight 
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can be realized. I *\ k t — i*— . ^w,, t 
Acg xi . r rli .gi ' g fee the invent Inn of claim-l , 



f 




Acs n . r rli .gi ' g fee the invontinn of claim-l , whirling is reduced, 
whereby vibration and noise can be reduced, and a high- 
performance rotary electric machine can be provided. 

fr ^nnrri ing to the i nvonf inn nf 7 rl^im 9, whi r-1 i ng t g. rpHnc^ 
whereby a reduction in vibration and noise can be re^JLdTzed, and 
a high-performance rotary electric machijn^-c^ri be provided. 

According to the inventioji^©-f - ^laim 3, whirling is further 
reduced, whereby a^e^uction in vibration and noise can be 
realiz^drr^nd a high-performance rotary electric machine can be 



7ipnnrr]^ng tn flim ^myffnti,".n p-f n 1 ni tw A a reduction in size 

and weight, a reduction in cost, and high efficiency can be 
realized. 

■ According to th o in v n n tion QjLJZl&2JD»^r-^^ 
whereby a reduction in vibration and noise can be re^a-Jfized, and 
a high-performance rotary electric machi^e^ provided. 

According to the invention j^claim 6, whirling is reduced, 
whereby a reduction in vibration and noise can be realized, and 
a high-performance rotary electric machine can be provided. 

According^Co the invention of claim 7, a reduction in size 
and w^igfft, a reduction in cost, and high efficiency can be 

) fcha — i ms/=>n t . jLoj» o f — claim — &, commutation is 



■ j^cuidjnrgT t-Q £-ha — i fr , jLo jfl o f ■ 

improved so that durability of the brushes can be enhanced. 

According — — «fefcre — invent ion — e* — eieim— §"7! Were — ott3t? 
- S Q mmutation improved l o Llid L dur' abil lLy o -f— % fao - b- r u s -ke-s- 
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- enhanefcd, but also the space factor is improved so that a reduction 
in size and weight can be realized. 

» According to -the -Hm^s^ef^t^Tfr-Q^ lacg o r 

can further improvedjsJtbarir-d reduction in size and weight can 





m^ o iding to - bfogr-Trr?*^^ 
reduced, whereby a reduction in vibration and noise can, 
realized, and a high-performance rotary electric machine 
provided. 

According to the invention of claim 12, whirlingyfs further 
reduced, whereby a reduction in vibration and yrfoise can be 
realized, and a high-performance rotary electr^ machine can be 

provided. 

/ ' 

According to the invention of claim 13, whirling is further 
reduced, whereby a reduction in vibr/tion and noise can be 
realized, and a high-performance rot,ary electric machine can be 
provided. 

According to the inventioi/of claim 14, a reduction in size 

and weight, a reduction in /cost, and high efficiency can be 

/ 

realized. 

According to the invention of claim 15 , whirling is reduced, 
whereby a reduction yti vibration and noise can be realized, and 
a high-perf ormanc/ rotary electric machine can be provided. 

According^to the invention of claim 16, whirling is reduced, 

/ 

whereby a reduction in vibration and noise can be realized, and 

a high-performance rotary electric machine can be provided. 

/ 

-A&b ording to the invention .. Q f^claim 17, a reduction in size 



ll 



» 




and weighrc, a^TeHITction in cost, and high e f f icTien ! c^canj^^" 
realized. 

According to the invention of claim 18 v . -£>efmmutation is 
improved so that durability of the brushj^^can be enhanced. 

According to the invention ^gf£ claim 19, not only is 
commutation improved so that ^{fr ability of the brushes can be 
enhanced, but also th^'sp^e^ factor is improved so that a reduction 
in size and .w6ight>^dan be realized. 

r Acco^^ y to' the invention of claim 20, the space factor 
can further be improved so that a reduction in size and weight 




__c3n be reattred^. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional, partially-cutaway side view 

of an electric motor^ 

Fig. 2 is a pattern view where an armature has been 

^ ^> developed^ 

Fig. 3 is a cross-sectional view of an armaturej 

Fig. 4 is a development pattern explanatory view for 

gxp ±ainiiig a positional relationship between the coils and 

commutator segments^ 

Fig. 5 is a cross-sectional, view for CAplaining a positional 

ft 




^ relationship between the slots and coils^ 

Fig. 6 is a development pattern explanatory- view for 
eAplaining a positional relationship between the coils and 
commutator segments according to a second embodiment^ 

Fig. 7 is a cross-sectional view of an armature according 
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to the second embodiment. 

Figs . 8 (A) and (B) are a cross-sectional view of an armature 
in a state where one of the winding wires has been wound and a 
cross-sectional view of an armature in a state where both wiring 
. wires have been wound in the second embodiment, respectively* 

•Fig. 9 is a development pattern explanatory view for 
.Qjcplaining a positional relationship between the coils and 
commutator segments according to a third embodiment® 

"Figs. 10(A) and (B) are a cross-sectional view of an 
armature in a state where one of the winding wires has been wound 
and a cross-sectional view of an armature in a state where both 
wiring wires have been wound according to a fourth embodiment, 
respectively * 

Fig. 11 is a development pattern explanatory view for 
^e xplaining a positional relationship between the coils and 
commutator segments according. to the fourth embodiment^ 

Fig. 12 is a development pattern explanatory view for 
ex plaining a positional relationship between the coils and 
commutator segments according to a fifth embodiment* f\ 1 

Fig. 13 is a cross-sectional view of an armature j 
explaining a wound state of coils according to a sixth embodiment^ 



a Fig. 14 is a cross-sectional view of an armature 
■-e ^lai ni mj a wound state of coils according to a seventh 
embodiment^ 

^ Fig. 15 is a cross-sectional view of an armature fe*- 

e . yp Ta i n i ag a wound state of coils according to an eighth 

embodiment^ 
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Figs. 16(A) and (B) are a front view of a commutator and 
a cross-sectional view along ^C-X of Fig. 16 (A) according to the 
eighth embodiment, respectively. 

Figs. 17(A) , (B) , and (C) are a pattern cross-sectional view 
of an armature for explaining a wound state of coils, a front 

\lr If 

view of an insulator, and a cross-sectional view along X-K of 
Fig. 17(B) according to a ninth embodiment, respectively. 

DeJAL Mud^T £U1 Cdliylnq UUL Lllbt Iiiv^iiLit» £^ 



Next, a first embodiment e - f the . pce - s j ajit invention will be 

A X 
desc ribed with reference to Ficj^. 1 to l?^Tg^ 5 - j^y 

^ In the drawings , reference numeral 1 designates an electric 

motor (rotary electric machine) used as a driving source of 

electric equipment mounted on a vehicle. To the inner 

circumferential surface of a yoke (motor housing) 2 that is a 

component of the electric motor Informed in a cylindrical form 

with a bottom, permanent magnets 3^are fixed so that two pairs 

of N and S poles are formed in a circumferential direction, whereby 

the electric motor is formed as a quadrupole electric motor 1. 

Reference numeral 4 designates an armature. To a shaft (armature 

shaft) 5 that is a component of the armature 4, a core 6^ formed 

by laminating a plurality of ring-shaped plates 6ajis externally 

fitted in an integrated manner^ a commutator 7, positioned _ 

at a front end of the core 6^ is externally fitted and fixed^. J^ixsX^ \^ 

£he shaft 5 of the armature 4 is rotatably supported at its base 

end by the yoke 2 via a bearing 2a, and is internally provided 

so as to be freely rotatable in the yoke 2. Also, a cover 2b 
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is provided at an opening end of the yoke 2 , and a holder stay 




8 is integrally provided on the cover 2bl. in thi^e holder stay 




8/^/ brush holders 8a positioned at four circumferential points 
re formed L brushes 8b are internally provided in the brush 
holders 8a so as to be freely protruded and depressed^ as 
a result^ th^ protruding ^es£ ends of the brushes 8b abut 
(contact) Tagainct the commutator ^ in a Guppr easing m&mre g? an 
external electric supply is suppli ed to the commutator 7 via the 
brushes 8b* asflr toese basic eonctnacfciQ ^ are formed according 



to a conventional technique. 

"- Now ^ on the outer periphery of^the pring- shaped plates 6a 

forming the core 6 ,^ten teeth 63^jach^ of whioh r is shaped like 
the capital letter T^ aie ruimed lirthe circumtererrferi:-diroQtion T 
=35?di)y externally fitting a plurality of plates out of these plates 



6a onto the shaft 5 like a whirl-stop, on the uu Lui yeird rpit ery 

■o f . the CT rre 6;' ten dovetail groove-shaped' slots 6c. provided in 

A 

a concave manne r - ±n the axial dirccLiun between the adjoining 
teeth 6b a^i3— formed long in the axial di rection and ±rr the 
circumferential direct io^ ^^<=^^ 



On the other hand, the commutator 7 is constructed by 

c ^segments 7b. formed of k 
circumferential direction 



disposing a plurality of commutator segments 7b. formed of 
conductive long plates parallel in the^c 

in a mutually isolated state on the outer circumferential surface 
of a ring-shaped member 7a externally fitted onto the shaft 5. 
Here, twenty commutator segments 7bytwice the number of the slots 
6c^are provided, whereby the electric motor 1 is formed as an 



electric motor with four poles , %2a?e ten slots 6c, and "fei^. twenty 
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reference to an arbitrary commutator segment are in the same state 
in terms of the winding direction. In contrast thereto, . 
according to the p.nLuci ' rt. invention, a pair of coils 10 formed 
so as to respectively conduct an electric current to commutator 
<E) .segments 7b adjoining at both side portions with reference to 
an arbitrary commutator segment 7b have been set so that one 
thereof is wound in a normal winding state, and the other, in 
a reverse winding state, in terms of the winding direction. 
rv v Fi ^* 2 is a drawing in which the armature 4 'has been 

for" explaining a relationship among, the commentator 
segments -7b, slots 6c, and coils 10^ ^xwF^gaps with respect to 
the adjoining teeth 6b are equivalent to the slots 6c. Moreover, 
Fig. 3 is a cross-sectional view for explaining a process for 
winding the winding wires 9 around the armature 4 , and winding 
directions of the winding wires 9 in cross-sections of the coils 
10 formed as such are shown by marks © and x. Furthermore, Fig. 
4 is a pattern explanatory view, in which positions of the slots 
6c that the winding wires 9 stride over are denoted by symbols 
in the coil 10, for explaining a positional relationship between 
the coil 10 positions and commutator segments 7b (risers 7c) that 
conduct an electric current to the coils 10. Fig. 5 is a 
cross-sectional view for explaining a positiona.1 relationship 
of the wound coils 10. -^hw 

In these drawings, ^description will be given wfeari^r 
reference numerals 1 to 20 perused for the respective risers 
7c, reference numerals I to X «wee used for the respective slots 
6c, and reference numerals (i-1) , (i-2) , (ii-1) , (ii-2) , <iii-l) , 



commutator segments 7b. Also, at an end of each commutator 
segment 7b^facing the core 6 side, a riser 7c curved by folding 
back the same to the radially outer side is formed in an integrated 
manner. 

J2 y winding enamel-coated winding wires 9 between the 
slots 6c positioned at arbitrary points of the core 6 and provided 
with a predetermined interval according to a winding process 
described later, twenty coils, 10 are wound around the outer 
^ periphery of the core 6 . The winding wires 9 to be winding- 
IC\ start ends and winding-finish ends of the^respective coils 10 
have been 1 h ung around^ the ^risers 7c of the respective 
^corresponding commutator segments 7b , and the Jwirtg-around 
winding wires 9 to be winding-start ends and winding-finish ends 
have been set so that the commutator segments 7b and coils 10 
\y~ corresponding thereto are electrically connected (are 
.conductive) by fusing with the commutator segments 7b at the riser 
7,c sections (hung-around sections) . 

Next, a process for winding the coils 10 will be described 



with reference to Fig/. 2 to 5 



j \j} C ; 

O ^iiere, in -a** t electric motor in which the twenty commutator 



segments 7b of the armature ^^Lprniririnri while the torjC^lut^ 



^5^) are provided with half er s man7 as the commutator segments 7b^ * rv?^ 

when lap winding, that is normally generally used for the armature 
y ,4 , is executed, era a result thot the winding wire is wound between 
.--fefee- slots with one slot t-herebetv^efi-r^ pair of coils formed in^^ 1 "^ 

^ A, 

a manner respectively conducting an electric current to 
commutator segments adjoining at both side portions with 
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(x-1) , and (x-2) used for the twenty coils^fees^ wound, 

A 

respectively . 



Namely, the coils 10 to be wound around the armature 4 
according to the p^ nn mt embodiment are con J Li. t ^X u IT^o that the 
winding wire 9 is wound -around the slots 6c with one slot 6c 
therebetween . For example , when winding of one end of the winding 
wire 9 has started while conducting an electric current to the 
first riser, the winding wire 9 fe u-n g around the first riser 7c 
is wound irounl the Xth and Ilnd, slots 6c with the 1st slot 6c 
•therebetween a plurality of times (in the prorrPrit. embodiment, 
twenty times) , and by hafigiftg the ske around the second riser 

A 

7c, an (i-l)th coil is formed. In this case, the (i-l)th coil 

10 is in a winding direction (regarded as a normal winding state) 

where the winding wire 9 is hung around so as to reach from the 

A 

Xth slot 6c side to the Il^d slot 6c. Thereafter, by winding 
the winding wire 9 taf^axound the second riser 7c a plurality 
of times (in the present embodiment, twenty times) at a section 
with an angle of approximately 90 degrees in the circumferential 
direction with respect to the (i-l)th coil 10 , namely around the 
Illrd and the Vth -slots 6c with the IVth slot 6c therebetween, 



and by having the winding wire 9 around the third riser 7c, an 

A 

(i-2)th coil 10 is formed. At this time, the (i-2)th coil 10 
is wound so as to be in an opposite winding direction (referred 
to as a reverse winding state) from the (i-1) th coil 10 as a result 
that the winding wire 9 is hun$ around so as to reach from the 

A 

Vth slot 6c side to the Illrd slot 6c, whereby the (i-l)th coil 
10 and (i-2)th coil 10 are set so that, when one faces the N-pole 
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permanent magnet 3 of the yoke 2, the other faces the S pole, 
and when a power is supplied to these coils 10, an excitation 
corresponding to the respective poles occurs. 

Subsequently, although the /ii-l)th coil 10 is formed by 
winding the winding wire 9 Jwaw^around the third riser 7c between 
the 1st to Illrd with the Ilnd slot 6c therebetween and -trartei*g 
the same around the fourth riser 7c, the (ii-1) coil 10 is wound- 
in a normal winding state as a result the winding wire 9 i£ h u n g 
around so as to reach from the 1st slot 6c side to the Iljjrd slot 




6c. Furthermore, by winding the winding wire 9 &*m4§^ arotmd the 

fourth riser 7c at a section with an angle of approximately 9 0 

degrees in the circumferential direction with respect to the 

(ii-l)th coil 10, namely around the IVth and Vlth slots 6c with 

the Vth slot 6c therebetween and c hangin g, the sWne around the fifth 

n 

riser 7c, a ( ii-2 ) th coil 10 is formed . At this time , the (ii-2)th 
coil 10 is wound in a reverse winding state opposite from the 
(ii-1) th coil 10 as a result that the winding wire 9 is httft§around 

A 

so as to reach from the Vlth slot 6c side to the IVth slot 6c. 

As such, the winding wire 9 is set so as to be wound around 
the slots 6c in a manner sequentially iTrm^^around the sixth, 

A 

seventh, and eighth risers 7c ... based on the winding states, and 
in this case, as mentioned above, to the commutator segments 7b 
adjoining at both sides in the circumferential direction with 
reference to an arbitrary commutator segment 7b (riser 7c) , a 
pair of coils 10. has been respectively connected so as to conduct 
an electric current, and the pair of coils 10 have been set so 
as to be wound in a positional relationship provided with a 
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circumferential angle of approximately 90 degrees so as to be 
caused, in the yoke 2 constructed with four poles, to face the 
poles opposite from each other, and so that one ((i-1) to (x-l)th) 
of the coils 10 is wound in a normal winding state and the other 
((i-2) to (x-2)th) of the coils 10 is wound in a reverse winding 
state . 

Thereby, as shown in Fig. 5, around the slots 6c at an 
arbitrary point with one slot 6c therebetween, a pair of coils 
10 are to be respectively wound, and in this case, it has been 
set so that a pair of coils 10 in a normal winding state and a 
reverse winding state are wound around the slots 6c. 

Therein, when a power is supplied to the coils as a result 
the brushes 8 slidabl^ contact the commutator 7, the (i-l)th 



coil 10 and (i-2)th coil 10 formed in a manner^ respectively 
conduct ^Jiy an electric current to the first riser 7c and third 
riser 7c adjoining at both sides in the circumferential direction 
with reference to the second riser 7c (commutator segment 7b) , 
for example, are wound with an angle of approximately 90 degrees 
in the circumferential direction so as to face the poles opposite 



from each other ^ «ad ^the (i-l)th coil 10 is wound in a normal 
winding state , and the (i-2 ) th coil 10 , in a reverse winding state , 
whereby a pair of coils 10 of the (i-1) th coil 10 and a (viii-2) th 
coil 10 are wound around the slots 6c with the 1st slot 6c 
therebetween. As a result, the coils 10 connected between the 
brushes 8 of opposite poles are faced between the adjoining N 
and S poles to balance magnetism therebetween , thus improving 
magnetic balance all round the outer periphery of the armature 
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In the procont .embodiment. Gonafc^uGted as described, as 



4. 



mentioned above, the yoke 2 is constructed with four poles^ 
on the other hand , whe n the winding wire 9 is wound around the 
armature 4, -fcfee, commutator segments 7b provided on the armature 
4^ aire twcnrfay^ while tho slots 6c ^formed on the outer periphery 



of the core 6c^ aro ta n-, and a pair of coils 10 that respectively 
conduct an electric current to the commutator segments 7b 
adjoining at both sides in the circumferential direction with 
reference to an arbitrary commutator segment 7b are caused ^o 

qj&<Jw r^tu^ (j&QX>t^ 



face the poles opposite from each other^ put cL one thci . u^ f is wound 
as a normal winding coil 10, and the other, as a reverse winding 
coil 10. Thereby, the coils 10 connected between the brushes 
8 of opposite poles are brought into corresponding excitation 
states in a manner facing the adj oining N and S poles , respectively , 
which can improve magnetic balance© ■b hus whirling based on a 
torque ripple and the like is reduced to provide a low-vibration 
low-noise rotary electric machine with an excellent performance. 

Further^ bhcroin r the slots 6c on the outer periphery of the 
core 6 have been reduced to half the number of the commutator 
segments 7b* and~ when winding the winding wire 9 between the 
respective slots 6c, s - mc e the facing distance between the^e^ 
slots 6c r is reduced, the amount of the winding wire 9 (coil amount) 
is, reduced b^y LhaL muuk > copper 1- ooc -can ba reduced, and moreover, 
the weight can fc» e» lowered •feQ. contribute to. a reduction in size 
and weighty th ^^L C Qalisiing a>reduction in cost^, and^ f u r1 A(^iuur v i >. 
as a matter of course, commutation performance is improved. 
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Moreover, because the respective coils 10 are wound i n ] a s o- 
called one-slot stride with one slot 6c therebetween, this also 
realizes not only Na reduction in copper ±S5*, )a reduction in size 
and weight Hfinnii nn a dg£Uj±£ j , n u$±ghtL* and a* reduction in cost 
as mentioned above, but also^high efficiency and ^ improvement 
in commutation performance. 

Further -t herein, * the coils 10 can be wound b^us^ a double 
flyer in a manner starting to wind the winding wire 9 from two 
points of the first commutator segment 7b and eleventh commutator 



segment 7b, thus a reduction in cost can be realized. 

Here, as a matter of course, the prcocnt jaimsnfciert is not 



limited to the embodiment -as- described above, and can be formed 
as in a second embodiment shown in Fic^ 6 to *Fig: \ 8. 

The electric motor 1 according to the second embodiment is 
the same as that of the first embodiment in that - fehio » is formed 
as an electric motor with four poles, ten slots 6c, and twenty 
commutator segments 7b, and a pair of coils lO^that respectively 
conduct an electric current to the commutator segments 7b (riser 
7c) adjoining at both sides in the circumferential direction with 
respect to an arbitrary commutator segment 7b «cG - oaue = ed to face 
the poles opposite from each others -asni one is wound as a normal 
winding, and the other, as a reverse winding. This structure is 
the same as the first embodiment mentioned above . In the second 
embodiment one of the coils 10 (wound in a normal winding state) 
is positioned at an opposite side in the radial direction of the 
commutator segment 7b connected so as to be conductive , and the 
other coil 10 (wound in a reverse winding state) is wound around 
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in an opposite direction from the direction in which the 
commutator segment 7b is wound along and is wound at a position 
with a predetermined angle clockwise with respect to the one coil 
10. . 

Namely, an (i-l)th coil 10 is formed by hanging^ ? ne end or 
the winding wire 9 around the first riser 7c and winding the 
winding wire 9 around the Vth and Vllth slots 6c with the Vlth 
slot 6c therebetween a plurality of times (in ,the present 
embodiment, twenty times) and hangin g tne s-ame atound the second 

A 

riser 7c. In this case, the (i-l)th coil 10 is wound so as to 



be in a normal winding state as a result that the winding wire 
9 has been hung around oo e r e to rca - oh from the Vth slot 6c side 



to the Vllth slot 6c. Thereafter, by winding the winding wire 
9 hunt* around the second riser 7c, at a section with an angle 

A 

of approximately 90 degrees in the circumferential direction with 

respect to the (i-l)th coil 10, namely around the Xth slot side 

and the Vlllth slot 6c with the IXth slot 6c therebetween a 

plurality of times (in the present embodiment, twenty times) , 

and by -4*€H&g4^ag^the 'winding wire 9 around a third riser 7c, an 

(i-2)th coil 10 in a reverse winding state is formed. 

Subsequently, a ^ii-l)th coil 10 is formed by winding the 

winding wire 9 fenig around the third riser 7c at a section from 

A 

the Vlth slot 6c to the Vlllth slot 6c with the Vllth slot 6c 



•therebetween and - hanging the same arounqb.a fourth riser 7c. Then, 

A 

-by winding the winding wire 9 feun^F around the fourth riser 7c , 
at a section with an angle of approximately 90 degrees in the 
circumf erential direction with respect to the (ii-l)th coil 10, 
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namely around the 1st slot 6c and th.e IXth slots 6c with the Xth 
slot 6c therebetween and hangiri g- the sdme around the fifth riser 

A 

7c, a (ii-2)th coil 10 in a reverse winding state is formed. 

As such, by winding the winding wire 9 around the slots 6c 

in a manner sequentially hung around the sixth, seventh, and 

A 

eighth risers 7c ... based on the winding states, coils 10 are wound 
around the outer periphery of the armature 4 in an integrated 
manner. And, therein as well, similar to the first embodiment, 
magnetic balance can be improved, and whirling based on a torque 
ripple and the like is reduced, thus providing a rotary electric 
machine with an excellent performance as a result of ^ reduction 
in vibration and noise. Further^t^^raiii^the coils 10 are formed 
by the winding wire 9 around the commutator segments 7b with the 
slots 6c facing in the radial direction therebetween 0 therefore , 
interference of the winding wire 9 with other winding wire 9 can 
be reduced to prevent winding expansion, and a space factor of 
the winding wire 9 in the slots 6c can be improved. 

Also, for both armatures 4^ccording to the first and second 
embodiments, it is also possible to carry out winding from the 
first and eleventh commutator segments 7b as the start of winding 
by use of a double f Iyer fc-etfteb this allows ,!5 bo improve/productivity . 
Here, Figs. 8 show cross-sectional views for explaining the case 
of winding b§£ the double flyer in terms of the second embodiment, 
where Fig. 8(A) is a cross-sectional view in a state where only 
one of the winding wires 9 has been wound, and Fig. 8 (B) is a 
cross-sectional view in a state where both winding wires 9 have 
been wound. 
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Next, a third embodiment^shown in Fig. 9y*ill be described. 
The electric motor 1 according to the third embodiment is i W- _ „ 
the same as that of the itdsp^CLlu.©- embodiments in that thrs^is 
formed as an electric motor with four poles, ten slots 6c , and 
twenty commutator segments 7c. {7tn€b~ J:our ((2n/N)-l)) coils 
formed in a manner respectively conducting an electric current 
to arbitrary five ( (2n/N) ) commutator segments 7b adjoining in 
the circumferential direction are -ermo true ted as ones each of 
which has an angle of approximately 90 degrees ( (360/N) ) and for 
which a coil 10 in a normal winding state and a coil 10 in a reverse 
winding state are alternately wound. 



: die diT.e rnd t.eiy wuuiiu . rx 



Namely, this is oonstrue^be^- so that, in such a manner that 
an (i-l)th coil 10^ conducting an electric current to the first 
and second commutator segments 7b^is wound in a normal winding 
state around the Ilnd and Xth slots 6c with the 1st slot 6c 
therebetween, an (i-2)th coil 10^ conducting an electric current 
to the second and third commutator segments 7b^ is wound in a 
reverse winding state around the Vth and Il.Ird slots 6c with the 
IVth slot 6c therebetween, an (ii-l)th coil 10^ conducting an 
electric current to the third and fourth commutator segments 7b^ 
is wound in a normal winding state around the VI th and Vlllth 
slots 6c with the Vllth slot 6c therebetween, and an (ii-2)th 
coil 10^ conducting an electric current to the fourth and fifth 
commutator segments 7byLs wound in a reverse winding state around 
the 1st and IXth slots 6c with the Xth slot 6c therebetween, the 
coils 10 are sequentially wound while skipping over three slots 
6c. The coils 10 are wound with a predetermined gap between the 
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adjoining coils 10, i.e., an angle of approximately (360/N) 
degrees, that is, approximately (360x3/10) degrees and are wound 
in the sequential winding direction alternating a normal winding, 
state with a reverse winding state . Thereby, the coils 10 
connected between the brushes 8 of opposite poles are set so as 
to face the respective four poles provided on the inner 
circumference of the yoke 2 in corresponding winding directions. 
Consequentially, therein, magnetic balance entirely in the 
circumferential direction of the armature 4 is unified, and 
whirling based on a torque ripple and the like is reduced, thus 
providing a rotary electric machine with an excellent performance 
as a result of a reduction in vibration and noise. 

Moreover, it is also possible to form an electric motor as 

(ft I0Cj3\ 

in a fourth embodiment shown in Figs. 10 'and -F-i^ 11. 



This is also the same as that of the BbcpoctivQ embodiments 

in that it is formed as an electric motor 1 with four poles, ten * 

slots 6c, and twenty commutator segments 7c. fin d . t h V J hoanj . coils j 

10 are wound by use of a double flyer. For the respective coils 

10, from the first commutator segment 7b and eleventh commutator 

segment 7b as the start of winding, an (i-l)th coil 10 and an 

(vi-l)th coil 10 are respectively wound around, by starting from 

the first commutator segment 7b and eleventh commutator segment 

\^JLu^u^ 

7b, in a nor mal winding state arouad the Vllth and Vth slots 
6c and around the Ilnd.and Xth slots 6c skipping over the Vlth 
and 1st slots 6c facing >in the radial direction. In contrast 
thereto, for an (i-2) th coil 10 and a (vi~2 ) th coil 10 subsequently 
formed, in a manner proceeding in an opposite direction from the 
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direction in which the commutator segment 7b is wound along, 
respectively, the (i-2)th coil 10 and the (vi-2)th coil 10 are 
formed in a reverse winding state around the Illrd and Vth slots 
6c. and around t^^Xt^i^ar|d Vlllth slots 6c skipping over the IVth 



and IXth slots 6c providedHfith an angle of approximately (360/N) 

A 

degrees, that is, (360x2/10) degrees relative to the Vlth and 
1st slots 6c. As such, therein, the coils 10 connected to the 
adjoining commutator segments 7b are wound with a predetermined 
gap of ((360x2/10) degrees, that is, approximately (360/N) 
degrees) from each other, and in a manner alternating the winding 



directions^ fmd moreover, that the direction in which the 

winding wire 9 winds around the commutator segment 9 and the 
direction in which the .coils 10 are wound are opposite. 
Accordingly, tnfcroin , similar to the third embodiment, the coils 
10 connected between the brushes 8 of opposite poles face the 
respective four poles on the inner circumference of the yoke 2 
in corresponding winding directions^ therefore , magnetic balance 
entirely in the circumferential direction of the armature 4 is 
unified, and whirling based on a torque ripple and the like is 
reduced, thus providing a rotary electric machine with an 
excellent performance as a result of a reduction in vibration 
and noise. Further feh o r%a , the coils 10 are formed by winding 
the winding wire 9 around the commutator segments 7b with the 
slots 6c facing in the radial direction therebetween at the start 



of winding^ therefore , the winding wire 9 is tightly wound around 
the shaft 5, and a space factor of the winding wire 9 in the slots 
6c can be improved. 
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■FurthormorOy a fifth embodiment shown in Fiq. 12 will be 
described. \ 



and Vlth slots 6c 'facing inVthe axial direction with respect to 



The fifth embodiment is almost the same in constru-ctioa. as 
-the fourth embodiment^ smd jthe electric motor 1 is formed as an 
electric motor with four poles^ ten slots 6c, and twenty 
commutator segments 7b. -fsndb~^¥^3^s±A^ coils 10 are wound by use 
•of a double flyer, which is almost the same as in the fourth 
.embodiment. For the respective coils 10, from the first 
-commutator segment 7b and eleventh commutator segment 7b as the 
'Start of winding, an (i-i)th coil 10 and an (vi-l)th coil 10 are 
wound^Tn a no rmal winding state, ^lun^ the Ilnd and Xth slots 
6c and aground the V^I^h^^t^ vth slots 6c skipping over the 1st 

/" . sot. 

the first commutator segment 7b and eleventh commutator segment 

7b. And-, — £©j=, an (i-2)th coil 10* and a. (vi-2)th coil 10 

subccquG ntly ^ PQ-r-mo ^ — ir-a . fO f UT jo pr ^ ^ rof y^Sd t^ n g^ in an opposite x 

direction *ieem the^direc^o^in which^the commutator segmen^7 

-ars wound^ along, ., r o DpootivoJ.y T the (i-2)th coil 10 and the (vi-2)th 

coil 10 are formed, m a reverse winding state, arouftd the Vlllth 

kQs> and Xth slots 6c and et^o^»dr the Illrd and Vth slots 6c skipping 

over the IXth and IVth slots 6c providfed with an angle of 

->A 

approximately (360/N) degrees, that is, (360x2/10) decrees 
relative to the 1st and Vlth slots 6c. As such, fe-horetefth , the 
coils 10 connected to the adjoining commutator segments 7b are 
wound with a predetermined gap (of (360x2/10) degrees, that is, 
approximately (360/N) degrees) from each other, and in a manner C\ 
alternating the winding directions^ <a**d moreover, so that the \ 

"9 A 
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direction in which the winding wire 9 winds around the commutator 
segment^ and the direction in which the coils 10 are wound are 
opposite. Accordingly, there IpR , similar to the third and fourth 
. embodimenl^ the coils 10 connected between the brushes 8 of 
opposite poles face the respective four poles on the inner 
circumference of the yoke 2 in corresponding winding directions , 
therefore, magnetic balance in the circumferential direction of 
the armature 4 is unified, and whirling based on a torque ripple 
and the like is reduced, thus providing a low-vibration^ low- 
noise rotary electric machine with an excellent performance. 

Furthermore, in addition to the r<™ npmrf i ae\ embodiments , 

\ 

when, for example, as the electric motor, one with four poles 
(N=4) , ten (n=10) slots, and twenty (2n=20) commutator segments 
is used, it is also possible to provide four ((2n/N)-l) coils 
that respectively conduct an electric current to the adjoining 
five (2n/n) commutator segments as ones wound so as to face all 
poles (all four poles) , respectively, and in this case a further 
improvement in magnetic balance can be expected. 

Moreover, in an electric motor whose number of magne tic 
poles is six or eight, it is also possible to employ a eon at r u cm. cm> 
to cause coils conducting an electric current to adjoining 
commutator segments to face adjoining opposite poles as well as 
a construction to cause coils to face opposite poles with a pair 
of magnetic poles therebetween. 

Moreover, it is also possible to wind a pair of coils that 
respectively conduct an electric current to adjoining commutator 
segments so as to cause the same to face the same poles fixedly * 
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fitted at positions different from each other^ an& - Lli e iea rR, as 
the electric motor, when, for example, one with four poles (N=4) , 
ten (n=10) slots, and twenty (2n=20) is used, a pair of coils 
to be wound around adjoining three commutator segments have an 
angle of approximately 1.80 (360X2/N) degrees so as to face poles 
of the same polarity with respect each other, and are wound in 
the same winding direction, ^4 this allows t©- provil^a^r^ary 
electric machine excellent in magnetic balance. 

i: ui Lliynuuie I a sixth embodiment, shown in Fig. 13 v will be 
described. 

c The electric motor 1 according to the sixth embodiment is 
the same as that of the rnnpnnt i zlb embodiments in that this is 
formed as an electric motor with four poles, ten slots 6c, and 
twenty commutator segments 7b. Furthermore, the core (armature 
core) 6 therein is the same m conotruction as the first and second 
embodiments^ ^ and two layers of ten^each, a total of twenty coils 
10 are wound around the outer periphery of the core 6 . " And - j in 
th^^^^ embodiment, &xt of these coils 10, with reference 
to an arbitrary slot 6c (for example, the 1st slot in Fig. 13) , 
where a pair of coils 10 wound with the arbitrary (1st) slot 6c 
therebetween are respectively provided as first coils. 10a and 
a pair of coils 10 wound with (Ilnd or Xth) slot 6c adjoining 
the arbitrary (1st) slot 6c therebetween are respectively 
provided as second coils 10b, these first and second coils 10a^ 
and 10b are wound so as to be different in the number of winding^ 
timoc the winding wire 9 from each other. Namely, in the 
present embodiment, the coils are wound so that a ratio of the 
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number of winding/ fcuase* between the first coils 10a and second 
coils 10b is 3:1, respectively. Here, these twenty coils 10 are 
wound so that, as mentioned above, the coils 1 (^connected between 
• the brushes 8 of opposite poles^face at least a pair of adjoining 
magnetic poles in corresponding winding directions , respectively^ 
therefore, magnetic balance entirely in the circumferential 
direction of the armature 4 is unified, and whirling based on 
a torque ripple and the like is reduced, thus providing a 



low-vibration low-noise electric motor \^ with -ae- excellent 
performance. 

- — And,y in the electric motor where the first and second coils 
lO^aad 10b have been wound based on a predetermined ratio of 
the number of winding ^imtso srre h^ commutation is improved so 
that the life (durability) of the brushes can be enhanced, and 
noise can be reduced^ thus^ an electric motor "X^with a higher 
performance can be provided. 

Furthermore, in the present embodiment, the coils are wound 
in a mutually biased state, so that the pair of first coils 10a 
with a greater number of winding! feimcg i ar - o located at the outer 



A 



.ing^"fcrii 

e the pair 



lamotor side, while the pair of second coils 10b with a smaller 
number of winding times en?e located at the inner diameter side. 
Thereby, in the slots 6c^ where the groove width in the 



circumferential direction becomes greater toward the outer 
— diameter side, by reducing the wrnding/ amowt - toward the inner 
Vajp^ natgv r side and winding/at the outer diameter side by that much, 

it becomes possible to improve the space factor of the slots 6c* 

thus it becomes possible to realize a reduction in the d - Iamotor 
$ ) 



of the slots 6c and a reduction in size and weight of the electric 
motor 1 . 

Subsequently, a seventh embodiment^ shown in Fig. 14^ will 
be described. The electric motor 1 according to the seventh 
embodiment is the same as that of the rcspGctiJki ^embodiments in 
that this is formed as an electric motor with four poles, ten 
slots 6c, and twenty commutator segments 7b. Furthermore, for 
a core ll^Lliej-tiurs teeth lib are formed on the outer periphery 
of a ring-shaped plate 11a, which is -*S3rs*e» the same as the core 
6 m the respective embodiments c rm el trh 3 s has a feature in the 
shapes of base parts lidythat are components of the teeth llb^ 
jnd ire extended- in the radial direction, so that the shapes of 
slots lie formed between the teeth 11 have different forms. 

Namely, the base parts lid are each formed in a shape bent 
to either side^in the circumf erential direction^ a n drj:heref ore , 
for the slot 11c formed between a pair of base parts lid (teeth 
lib), with reference to an arbitrary^ slot 11c (for example, 1st 
slot 11c in Fig. 14) , the arbitrary. (1st slot) 11c is formed as 

A 

a first slot lie in a shape with a small groove width at the outer 
di amor og ~*s i de and a great groove width at the inner diamSE^E'side , 
and a (Ilnd or Xth) slot 11c adjoining the arbitrary (1st) slot, 
11c is formed as a second slot llf in a shape with a small groove 
width at the inner tte- amoto -r side and a great groove width at the 
outer diam e t e r side which is reverse to the first slot lie. 

And, therein, when winding two layers of ten each, a total 
of twenty coils 10 by winding the winding wire 9 around the slots 
11c, with reference to the above-described arbitrary slot 11c 
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(1st slot 11c) , where a pair of coils 10 wound with the arbitrary 
(1st) slot 11c therebetween are respectively provided as first 
coils 10a and a pair of coils wound with a Ilnd or Xth slot 11c 
(second' slot llf ) adjoining the same therebetween are 
respectively provided as second coils 10b^ the pair of first coils 
10a are wound at the outer nmntnr side with a small groove width, 
and the pair of second coils 10b, at the inner diamcto^ side with 
a small groove width, in a biased state, respectively, so that 
the winding amount of the winding wire 9 is reduced. In addition, 
when winding the first and second coils 10a «rm* 10b as such, the 
point where the winding wire 9 is wound is to be secured as a 
large space in the slots 11c to make it possible to improve the 
space factor of the winding wire 9, which can contribute to a 
reduction in size of the electric motor. Moreover, in the 
electric motor by winding as such, not only can an overlapping 
part between the coils 10 be reduced, in comparison with that of 
conventional feme* by lap winding, but also a crossover being the 
winding wire 9 . tog . arom id between arbitrary coils 10 can be 
shortened. Consequently, the amount of the winding wire 9 can 



be reduced to make it possible to reduce the weighty 
^furthermore, Siftc^the amount of the winding wire 9 is reduced, 
copper loGG-oari bg reduced, and high efficiency of the electric 
motor can also be realized . |(o(lO 
Furthermore, an eighth embodiment is shown in Fig. 15, and J 

c^) A 

— rig . 16j. The electric motor 1 according to the eighth embodime nt 
is the same as that of the ^^^^^^ra^ embodiments in that trfeiL. 
is formed as an electric motor with four poles, ten slots €c, 
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and twenty, commutator segme nts 7b. Further therein- ; — for o» 
.commutator 12, twenty commutator segments 12b, provided on the 

* A 

outer peripheral surface of a resin-made (insulation) ring- 
shaped body. 12a a*s^evid©d in an integrated manner^ aa^cm the»«^ 
respective conrnutator segments 12b^ risers 12 whoso. fji u nL ^iid^ T 1 
-e^e protrude* to the outer diamete r side^are formed in an 
integrated manner^ and the p rot ruded front ends of thes^risers. 
12c are formed at a side to bi o- di»&tM>fe, from the core 13 an3 into* 
latching segments 12d folded back toward the inner H^iirnr^rr side v U 
■ oo that the winding 9 can be easily wound around to f ojW the coils** 
.10. Furthermore, for the core 13, in the same manner as the 
seventh embodiment, a plurality of teeth 13b with base parts 13d 
having different forms are formed on the outer periphery of a 
ring-shaped part 13a^ slots 13c having groove shapes of different 
forms are formed between thea*g teeth 13b^ the slots 13c 

adjoining in the circumferential direction are formed ^ts-^aes. 



wher^ a A f irst slot 13e^with a wide groove width at the inner 

ridth at 



diamoto^ sideband a second slot 13fL with a wide groove wi 
the outer <lj,amotar side^ are formed alternately in the 



circumferential direction . 



- flind, thorojrn -r when winding two layers of ten each, ya total 
of twenty coils 10 on the outer periphery of the core 6^ by winding 
the winding wire 9 around the slots 13c, with reference to tfhe 



arbitrary slot 13c (1st slot 13c^ first slot 13e) , where a pair 
of coils 10 wound with the 1st slot 13c therebetween are 
respectively provided as first coils 10a and a pair of coils' 10 
wound with a Ilnd or Xth slot 13c (second slot 13f) adjoining 



the same therebetween are respectively provided as second coils 

lOb^by winding the pair of first coils 10a at the outer i^2^^^^- 

side with a small groove width, and the pair of second coils 10b 7 

at the inner dumoto r side with a small groove width, the coils 

10 are wound so that the winding amount of the winding wire 9 

is reduced. Further^t Aereio . , the coils are wound so that a ratio 

of the number of winding times between the pair of first coils 

10a positioned at the outer cH.amotQg side. and the pair of second 

coils 10b positioned at the inner d-j-omctoy side, is 3:1, 

respectively. -And , — fey such a -constrnfi.1~ i , commutation is 

improved so that the life (durability) of the brushes can be 

enhanced, noise can be reduced, and the space factor can be 

increased as in the sixth embodiment, which allows a further 

reduction in the diameter of the core 13 and an improvement in 

performance of the electric motor 1^ and moreover , a further 

reduction in size and weight can be realized. 

Here, it is the same as .the roGpcctivo - embodiments that 

A 

the^ twenty coils 10 are wound so that the coils 10 connected 
between the brushes 8 of opposite poles face at least a pair of 
adjoining magnetic poles in corresponding winding directions, 
respectively s therefore, magnetic balance entirely in the 
circumferential direction of the armature 4 is unified, and 
whirling based on a torque ripple and the like is reduced, thus 
providing a low-vibration low-noise electric motor 1 with an 
excellent performance, as mentioned above. 

In addition, the electric motor 1 according to a ninth 



ectric m 

(ft ^ VKv> 3 , V^^o-^rL^ 
embodxment^shown in Figs, l^is the same as that or the rfospocti^g. 
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embodiments in that fehis is .formed as an electric motor with four 
poles, ten slots 6c. and twenty commutator segments 7b$ ^»^r 
further thereiea, as an insulating means of a core 14, an insulator 
15 formed.of an insulating resin material is attached to the core 

^\ 14 . Furthermore , on an inner diui uu Lu a * side part 15a of both axial 

ejid f aces of the insulator 15, ^a plurality of^guide pins 15b ^ 
r^pp Q ^r i irnl y — f aoxng m the axial direction aro tor-mod m — s6g— 
'integrated manner in the circumferential direction^ and a a these= 
guide pins 15b, twenty guide pins^are formed according to the 

1 ^ number of commutator segments 16b of a commutator 16. Also, the 
commutator 16 is coriot^ic^^^ . in the same manner as that of the 



-eighth embodiment^ -and -the guide pins 15b are formed in a ma n ner . 



2 guide pins loo are lormca -: 
.positioned at the outer (diameter side furth^ir tln n n latching 
segments 16d^positioned at the outer - diamete r side of the risers 
16c that are components of the commutator 16. And, there -j^r; when 
winding the winding wire 9 around the core 14^ to which the 
insulator 15 has been attached, if the riser 16c around which 
the winding wire 9 has been huire f and the slot 14 to which the 
same is to be drawn are distant in the circumferential direction, 
^6 by drawing the winding wire 9 so as to circumvent the outer 
periphery of the guide pin 15b, interference of the winding wire 
9 with the riser 16c or the like is avoided. 

Namely j Fig. 17 (A) shows a pattern view when winding the 

winding wire 9 by the same process as that of the first embodiment^ 
and in this case, oinoo the (i-l)th coil 10 (illustrated by a ^ . 
thin line) a t^qq-o ■ not pass thropgh the guide pin 15b ainoc thd ^s -\ 
is positioned at the outer ^mp^^ side relative to the risers 
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16c^ while the (i-2)th coil 10 (illustrated by a thick line) is 

wound with the IVth slot 14c therebetween-; — *Fhn winriimj vriro 9- 

io drawn iromthe Second riser 16c to the Illrd slot 14c section^ 

— emd . a t thio mime , ^ b y guiding the winding wire 9. to the outer 

>JS peripheral sideTaaf^the guide pin 15b. interference between the 

A 

. winding wire 9 and riser 16c is avoided. 



Thereby, whnn a low-vibration low-noise electric motor 1 

is formed by winding coils 10 around the outer circumference of 

the core 14 so that the coils 10 connected between the brushes 

of opposite poles face at least a pair of adj oining magnetic poles 

in corresponding winding directions, respectively thereby 

unifying magnetic balance entirely in the circumferential 

direction of the armature 4*a«^reduc:^»€^ whirling based on a torque 

ripple and the like, by guiding, as mentioned above, the winding 

wire 9 drawnii^ng between the slot 14c and commutator 16 to the 

outer diameter side by the guide pin 15b* such a case, thafe the 

winding wire ^interferes with the riser 16c or latching segment 

16d D iiu B| 7UL eoon rr MU , nnri^aoreover , winding expansion is eliminated 

is* 

by drawing the same along the guide pins 15 to achieve a reduction 
in size. . 

Also, since the c ommutat or 16 according to the present 
embodiment^ employs a constructiv e that the risers 15c are 
protruded to the outer diameter side and the winding wire 9 is 
latched and held by the latching segments 15d, the work for fusing 
the winding wire 9 with the riser 15c can be carried out from 
the direction along the axial direction e thus^ there is also an 
advantage in that workability can be improved. 
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Here, it is not always necessary to form the^guide pins on 



the insulator^ it is sufficient that these, are provided on both 

£ A 
axial end portions of the slots as well as at the outer diameter 

side relative to the risers e aadr it is also possible to provide 

the guide pins on the commutator side, or on a winding machine 

for winding winding wires. Furthermore, the guide pins may be 

provided only when winding winding wires and removed after 

winding . 




lg in^thc abovo -q the rotary electric machine according to 
the present lav LiiLiu*i is useful as a component or the like of 
various actuators mounted on a vehicle, and is particularly 
suitable for usyng ■ in a vehicle fan motor. 
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